Seeds of Vicia faba L. var. PRT-12 were subjected to different doses/concentrations of gamma rays and methyl methane sulphonate (MMS) individually as well as in combination. The effect of different mutagenic treatments on meiosis and pollen fertility has been studied in M 1 generation. Various types of meiotic aberrations and reduction in pollen fertility were observed in all the treatments. However, the combination treatments proved to be more effective in inducing meiotic aberrations and reduction in pollen fertility as compared to individual ones. Moreover, the frequency of meiotic aberrations was at its maximum at metaphase followed by anaphase and telophase stages.
The mutagen treated seeds along with untreated (control) were sown in 4 rows with 20ϫ30 cm spacing in Rabi season of 2007 to raise M 1 generation. For meiotic studies young flower buds from 30-40 randomly selected M 1 plants were kept in freshly prepared Carnoy's solution for 24 h, washed and then preserved in 70% alcohol at 4°C. Squashing was done in 2% acetocarmine and slides were made permanent by dehydration in butyl-alcohol series (Bhaduri and Ghosh 1954) followed by mounting in Canada balsam. Photomicrographs were taken from temporary as well as permanent slides. Pollen fertility was assessed by staining pollen grains in 2% acetocarmine where, stained pollen grains with regular outline were considered as fertile.
Results
Meiosis was perfectly normal in control plants showing 6 bivalents at diakinesis and metaphase I ( Fig. 1a ) which showed equal segregation (6 : 6) at anaphase I ( Fig. 1b ). However, different types of meiotic aberrations were recorded in plants raised from seeds treated with different doses/concentrations of mutagens. The most frequent aberrations were univalents ( Fig. 1c ), multivalents ( Fig. 1d ), stickiness, precocious separation ( Fig. 1e ), non-orientation of bivalents and fragments at metaphase I/II, laggards ( Fig. 1f ), bridges ( Fig. 1i ) and unequal separation ( Fig. 1h ) at anaphase I/II and bridges, disturbed polarity micronuclei ( Fig. 1k ) and multinucleate condition telophase I/II. The representative cytological features are shown in Figure 1 (a-l).
The frequency and spectrum of various meiotic aberrations in each treatment along with the total percentage of abnormal cells has been summarized in Table 1 . A dose-dependent increase in the meiotic aberrations was observed in all the mutagenic treatments. The maximum frequencies of meiotic aberrations were recorded at the highest doses/concentrations of each individual as well as combination treatments. The frequency of meiotic aberrations was more in combination treatments than the individual treatments of gamma rays and MMS. Similar meiotic abnormalities were found in all the treatments.The most common abnormalities at metaphase I/II were multivalents and stickiness of chromosomes while chromatin bridges were found frequently at anaphase I/II. At telophase I/II the dominant aberration was disturbed polarity.
In addition to above mentioned meiotic aberrations, sometimes disturbed anaphase II ( Fig. 1j ), non-disjunctin of bivalents at anaphase I ( Fig. 1g ) and cytomixis at metaphase I (Fig. 1l ) were also noticed in some PMCs in very low frequencies.
A dose dependent reduction in pollen fertility was found in plants treated with mutagens and it was positively correlated with the meiotic aberrations ( Table 2 ). The combination treatments showed more reduction in pollen fertility as compared to the individual treatments. 
Discussion
In the present investigation, all the mutagenic treatments showed similar types of meiotic abnormalities but the percentage of these abnormalities was different in different treatments. The findings of the present investigation showed the different mutagenic potential of individual as well as combination treatments on V. faba L. var. PRT-12. The results also showed that meiotic aberrations increased with the increase in the doses/concentrations of individual as well as combination treatments of gamma rays and MMS and the mutagenic potential of chemical mutagen (MMS) and physical mutagen (gamma rays) was different and their combination treatments were more effective than their individual treatments.
Stickiness was the most common abnormality at metaphase I/II. Bivalents were found clumped in 1 or more groups due to stickiness which may be due to the depolymerisation of the nucleic acids caused by mutagenic treatments (Tarar and Dnyansagar 1980) . Jayabalan and Rao (1987) suggested that stickiness might be due to disturbances in the cyto-chemically balanced reactions while Gaulden (1987) attributed chemically-induced stickiness to the direct action of the mutagen on histone proteins leading to improper folding of DNA. Univalents may have originated as a result of absence of crossing over at pachytene or from desynapsis (Kumar and Rai 2007) . Rao and Laxmi (1980) attributed univalent formation to partial or complete lack of homology between chromosomes. The multivalents tri, tetra, penta, hexa, hepta and octavalents might have occurred due to chromosomal increases as a result of deletion resulting from fragmentation of chromosomes (Singh and Gupta 2004) . Precocious movement of chromosomes at metaphase I/II seems to be caused by spindle disfunction. According to Kumar and Rai (2007) , precocious chromosome migration to the poles might have resulted from univalent chromosomes at the end of prophase I or precocious chiasma terminalization at diakinesis or metaphase I. Non-orientation and scattering of chromosomes at metaphase as observed in the present study may either be due to the inhibition of spindle formation or destruction of spindle fibres formed (Kumar and Rai 2007) . Fragments of chromosomes as found in the present study might be due to the damaged mechanism of DNA repair caused by mutagen (Cremer et al. 1981) . However, Gaulden (1987) attributed it to the erroneous replication of genetic material. Secondary association of chromosomes in many diploid species has been interpreted as a result of modified chromosome arrangement due to duplication, interchanges or stickiness (Darlington 1928) .
Laggards observed during the present study might be due to delayed terminalization, stickiness of chromosome ends or because of failure of chromosomal movement (Jayabalan and Rao 1987) . The formation of chromatin bridges might be due to the failure of chiasmata in a bivalent to terminalize and the chromosomes getting stretched between the poles (Saylor and Smith 1966) . Bhatterjee (1953) attributed bridge formation to interlocking of bivalent chromosomes. Unequal separation of chromosomes as observed in the present study might be due to the occurrence of multivalents and failure of chromosomes to segregate equally (Sinha and Godward, 1972) . Kumar and Singh (2003) attributed it to the random movement of univalents to any one of the poles. Non-orientation of chromosomes at metaphase I sometimes leads to unequal separation at anaphase I (Khan 1996) . Micronuclei as observed at telophase II generally arose from the fragment and lagging chromosomes which failed to reach the poles and get included in the daughter nuclei (Kumar and Dubey 1998) . Disturbed polarity at anaphase and telophase stages could be due to spindle disturbances.
Different types of meiotic abnormalities as observed in the present investigation have also been reported by different workers in different plant materials after treatment with physical and chemical mutagens (Reddy and Annadurai 1992 , Mitra and Bhowmik 1996 , Kumar and Srivastava 2001 , Sharma and Kumar 2004 . The analysis of various meiotic abnormalities at different stages of cell division clearly demonstrated that combination treatments were more effective in inducing the maximum frequency of chromosomal aberrations followed by individual treatments of MMS and gamma rays. Pollen fertility is an index of meiotic behaviour. Greater the choromosomal abnormalities, the greater will be the pollen sterility. Combination treatments recorded the highest frequency of pollen sterility followed by MMS and gamma rays. These results are in agreement with many workers (Nerker 1970 , Bhamburker and Bhalla 1985 , Reddy and Annadurai 1992 who have also reported dose dependent increase in pollen sterility following mutagenic treatments. The high pollen sterility observed in the treated populations may be attributed to the vast array of meiotic aberrations that were induced by mutagens leading to the formation of aberrant pollen grains (Rana and Swaminathan 1964, Sinha and Godward 1972) . The reasons of pollen sterility may also be due to gene mutations or invisible deficiencies.
The cytogenetic abnormalities have been regarded as one dependable parameter for estimating the mutagenic potential of a mutagen. The greater mutagenic potentiality of a mutagen may be judged by the percentage of abnormalities it induces. The genic changes brought about by the mutagens provide good scope for further improvement of this crop. The present study, thus, envisages the use of combination of physical and chemical mutagens in various doses/concentrations to induce the mutations and the positive mutations in economic characters may be selected and tested for the improvement of V. faba L. var. 
